Abstract: All Estonian bryophyte species (597) that had written records up to 2018 were evaluated against IUCN criteria. More than half of the species belong to the least concern category, but almost one fourth (158) is evaluated as threatened, and one tenth (65) as near threatened. Eleven species are data deficient and 15 species are considered to be regionally extinct from Estonia. To achieve adequate assessment results for a small country, some criteria were adjusted. Changes compared to the previous red list and threats to the species are discussed.
INTRODUCTION
The first Red Data Book of Estonia (Kumari, 1982) did not include bryophytes. L. Laasimer, A. Kalda, and L. Kannukene compiled the first list of threatened bryophytes in [1987] [1988] , that remained unpublished. This list included 50 species, among them seven liverworts and one hornwort. In 1992, Kalda et al. published the list of 130 threatened mosses that were divided into five threat categories (extinct, endangered, vulnerable, rare, and rare with unknown threat status).
The second Red Data Book of Estonia appeared in 1998 (Lilleleht, 1998) . This edition incorporates threatened bryophytes from all three bryophyte phyla, altogether 199 species, that were divided into six categories (extinct or probably extinct, endangered, vulnerable, rare, care demanding, and indeterminate). Here also summarizing tables about the habitats and threats of the bryophytes were presented (Ingerpuu, 1998) . Starting from this book, a new version is compiled after every ten years. Therefore, the third Red Data Book appeared in 2008, and the fourth will be ready in the end of 2018.
The third book has only web-version (Red Data Book of Estonia, 2008) . In this book, seven categories were applied according to the IUCN red list categories and criteria (IUCN 2001 ). Around two thirds of the known Estonian bryoflora was assessed then, among them 218 were assessed as threatened, regionally extinct or with data deficiency. However, since the evaluators missed training, the guidelines were not always understood properly.
The aim of the present study is to present data about the new red list of Estonian bryophytes, give explanations to the changes in comparison of the previous red list, and discuss about further improvement of the assessment process.
MATERIAL AND METHODS
For the present red list all bryophyte species that have been registered in Estonia up to 2018 (Vellak et al., 2015; Vellak et al., 2017) were evaluated. Thus, altogether two hornworts, 127 liverworts and 468 mosses were assessed against IUCN criteria. Downlisting was not done since we do not have data about the immigration possibilities of our species. Almost two thirds of the Estonian border is sea line. The main wind direction is from west and the propagules carried by wind have to cross the Baltic Sea that might be a major geographical barrier.
To obtain data for localities and locations the database of Estonian biodiversity was used (https://elurikkus.ut.ee/en), also specimens from all Estonian herbaria (TAA; TALL; TAM and TU) were checked if necessary, and for 41 species that are included in the state monitoring program, more precise data on the population sizes and state of habitats were used. Before the present evaluation, the assessors passed the IUCN Red List Assessor Training Workshop
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Nele Ingerpuu 1 were the correct explanations for the essential terms and assessment procedures were given by IUCN Red List trainers. The species evaluation was done according to updated version of guidelines (IUCN, 2012a, b) , taking into account also supplementary guidelines for application IUCN criteria for bryophytes (Hallingbäck, 2006 (Hallingbäck, , 2007 . These guidelines were important to understand the content of such terms as location, individual, generation length and fragmentation of populations.
The preamble of the Guidelines, point 5 (IUCN, 2012a) allows to determine applications and modifications in regional red lists. We have considered to be necessary to make some modifications. Since the territory of the Republic of Estonia (45, We have considered as regionally extinct (RE) species that do not have any documented records after 1950. Due to lack of data, only IUCN criteria B1 (two species), B2, D and D2 were used in the evaluation process.
Known threat factors and grouping according to life longevity were searched for all species belonging to categories CR, EN, VU and NT. Life longevity was determined using life strategy groups (During, 1992; Dierßen, 2001 ) as following: species belonging to fugitive, colonist, and short-lived shuttle species were delimited as short-lived, long-lived shuttle and perennials as long-lived species.
RESULTS
Altogether 597 species were assessed. The list of regionally extinct, threatened, near threatened and species with data deficiency is in supplementary material, least concerned species can be found in Vellak et al. (2015) . From the assessed species 348 (59%) are considered to be of least concern. As threatened (CR; EN or VU) were evaluated 158 (26%) species, 65 (10%) as near threatened, 15 (3%) as regionally extinct, and 11 (2%) are data deficient ( Fig. 1 ).
Only for one species (Campylopus introflexus) the criteria were not applicable, since it is an invasive species for Estonia.
Comparison of the threatened species in 2008 and 2018 red data lists showed that twelve species have now higher threat category, but 61 species have lower category. Of the last group, 11 species are excluded from RE category due to new findings during last ten years. The most peculiar of these is Meesia longiseta that was found to germinate from a diaspore bank (Ingerpuu & Vellak, 2018 The main threats for the species were grouped as following: forestry 25%, draining of mires and changing the natural state of water bodies 18%, and neglecting of traditional management of meadows 12%. For 45% of the threatened species the threat factor is unknown.
The plotting of life longevity groups against known and unknown threat factors showed that the amount of species where threat factor is unknown is much higher in the group of shortlived species (Fig. 2) .
DISCUSSION
For the assessment of the threat categories of Estonian bryophytes, only B and D criteria were used (Supplementary material). The reason of not using A and C criteria is that we do not have information for the whole population size and the number of individuals, except a few species, and those species do not have such reduction that is needed to evaluate them to a threat category. For the species estimated as CR or EN, the reason was mainly small area of occupancy, small number of locations and decline of the area of occupancy or/and habitat (B2ab). For the species estimated as VU, the reason was mainly small area of occupancy or small number of locations without known decline (D2). We think it is essential that the size of EOO, AOO and number of individuals be adjusted according to the size of the country, since otherwise the number of threatened species could rise unreasonably. The critical size of EOO according to B criteria is 20,000 km 2 , which is 44% of the whole territory of Estonia. If we had followed this, we should have assessed several species that have smaller EOO, but up to 10 locations and declining habitat, e.g. Bazzania trilobata and Reboulia hemisphaerica as vulnerable. According to our adjusted criteria they belong to near threatened category. Also the critical size of AOO (20 km 2 ) according to D2 criteria is too large. For example, Andreaea rupestris has 15 locations with AOO of little less than 4 km 2 and should have been assessed as vulnerable. According to our adjusted criteria we evaluated it as near threatened. The number of locations of Tortella rigens is 21 and AOO is less than 6 km 2 , we have evaluated it as least concern.
There are no general strict criteria for regionally extinct category. In some European countries the species is assessed as RE only if the known localities have been investigated thoroughly and the species has been found to be gone. In other countries RE category is applied if a species has not been collected after a certain time limit. During ten years, eleven species in Estonia have been re-found at new localities. It is impossible to ascertain if these are recent distributional events from elsewhere or the species has been there for a long time. Most peculiar is the germination of a species from a propagule bank; this species has been evaluated as regionally extinct (Ingerpuu & Vellak, 2018 ). If we consider viable spore to be an individual, then according to the IUCN guidelines such species is not extinct anymore, even if we never find it growing in the recently recorded habitat. Therefore, we evaluated Meesia longiseta that has six historical localities and one germination from a seedbank, as critically endangered, not regionally extinct.
The percentage of species belonging to the three threat categories (CR, EN, VU) is fluctuating in different European countries. It is ca 15% in Britain (Hodgetts, 2011) , ca 20% in Finland and Canary islands (Syrjänen et al., 2010; González-Mancebo et al., 2012) , around 25% in Hungary and Estonia (Papp et al., 2010) , or even over 30% in Bulgaria and Romania (Natcheva et al., 2006; Stefanut & Goia, 2012) . Main reason for such fluctuation could be the history and rate of bryological investigations in different countries, although differences in assessments, countries climate, number of habitats and land use can also play a role. Another reason for high number of threatened species is including species that have very few localities, but inhabit readily sites with human impact and have no known threat factors. Such species are usually short-lived, as became evident by our analysis. They can change their location easily and are usually of small size, being hard to find in the nature. Many of these species, that we have evaluated as vulnerable, could actually not be threatened and could even gain from the disturbances made by humans (Ephemerum serratum, Bryum klinggraeffii, Ptychostomum rubens). Some of such rare species that have mainly or only recent finds could be expanding their area due to climate warming (Bryum subapiculatum, B. radiculosum, Didymodon vinealis) . On the other hand, species that belong to the same category, but have more northern or mountainous distribution, might be in greater threat (Aplodon wormskioldii, Grimmia longirostris, Rhizomnium magnifolium). If a species that produces frequently small spores is distributed in all surrounding countries, downgrading should be done after an inventory that confirms that the area of occupancy of the species is stable or increasing.
Our experience has shown that the most reliable data for assessing the threat categories come from monitoring, even if the monitoring is done only for a part of populations in the country. For example Encalypta mutica has six recently proved localities (=locations) in the country. Without monitoring the species would have been assessed as vulnerable according to B2 ab(iii), as this was done in the previous red list (2008) . Meanwhile the monitoring of four populations has shown that the number of individuals per location is only 1-2. Thus, the total number of the individuals in the country is less than 25 and the species could be evaluated as EN according to criteria D.
The protection of threatened bryophytes functions best if the nature protection laws of the country support it. In Estonia, we have lists of species, divided into three categories that are under state protection. For protected species outside of nature reserves, special protection areas should be established and all management that could harm the populations should be stopped. Such regulations are valid for all known locations of first category species, for half locations of second category species and for 10% of locations of the third category species. The species belonging to the first and second category are included in the state monitoring program. We have 45 bryophytes on the list of protected species and this list is revised after every ten years. During evaluation of species against IUCN threat criteria, we get also additional data for updating species protection list. 
